we give the haploid chromosome numbers of 173 species or subspecies of riodinidae as well as of 17 species or subspecies of neotropical lycaenidae for comparison. the chromosome numbers of riodinids have thus far been very poorly known. we find that their range of variation extends from n  9 to n  110 but numbers above n  31 are rare. while lepidopterans in general have stable chromosome numbers, or variation is limited at most a subfamily or genus, the entire family riodinidae shows variation within genera, tribes and subfamilies with no single modal number. in particular, a stepwise pattern with chromosome numbers that are about even multiples is seen in several unrelated genera. we propose that this variation is attributable to the small population sizes, fragmented populations with little migration, and the behavior of these butterflies. Small and isolated riodinid populations would allow for inbreeding to take place. newly arisen chromosomal variants could become fixed and contribute to reproductive isolation and speciation. in contrast to the riodinids, the neotropical lycaenidae (theclinae and Polyommatinae) conform to the modal n  24 that characterizes the family.
Metalmark butterflies (riodinidae) have a cosmopolitan but highly uneven distribution. in a total of some 1300 species worldwide, about 1200 are found exclusively in the neotropics (DeVries 1997; Hall and HarVey 2002a , 2002b , 2002c . in this region they come in myriad color patterns and shapes, and range in size from medium to small. this extraordinary diversity of riodinids could be explained in part through Batesian (and possibly Müllerian) mimicry that appears to be more prevalent in this family than in any other similar-sized family of insects. Brown (1993a) describes the extent of mimicry in riodinids, but the details of its evolution seem to be relatively little known (DeVries 1997) . the taxonomy of some tribes and genera has been resolved (Hall 2002; Hall and HarVey 2002a) , but many points remain open (DeVries 1997; CallagHan and lamas 2004) .
there seems to be a consensus (CampBell et al. 2000; CampBell and pierCe 2003; Vane-wrigHt 2003; waHlBerg et al. 2005 ) that the riodinids are most closely related to the lycaenid butterflies, and that the nymphalids are the closest relatives of this riodinid-lycaenid clade. lycaenids are a large family with about 5000 species that account for about one fourth of all Papilionoidea (pierCe et al. 2002) . the diversity of lycaenids is greatest in africa.
in his last book 'Modes of speciation' M. J. D. wHite (1978, p. 73) chose the butterflies to illustrate the distribution of chromosome numbers in a well-studied group. he shows a histogram that includes the chromosome numbers of 738 species worldwide. in addition, wHite (1978) pointed out that the only family that has a well-marked type number of its own is lycaenidae in which the numbers n  23 and 24 are common, but that spectacular increases and decreases have occurred in certain lineages of this family. in fact, Polyommatus (Plebicula) atlantica with n  221-223 has the highest chromosome number observed in a non-polyploid Metazoan. wHite (1978) showed separately the distribution of chromosome numbers for the families lycaenidae and riodinidae in the histogram mentioned above. a perusal of this histogram shows that there are very few riodinids among the 738 species of butterflies included. evidently the riodinids are a large but cytogenetically little-known group of butterflies. the chromosomes of lepidopterans are holokinetic (or nearly holokinetic, Brown et al. 2007a Brown et al. , 2007b chromosomes, a circumstance that can be thought to facilitate chromosomal rearrangements since even small fragments can attach to spindle fibers at cell division. More studies are needed here, since e.g. Hipp et al. (2010) have shown that both fusions and fissions of holokinetic chromosomes restrict gene flow in plants with such chromosomes.
Many groups of butterflies are characterized by a great stability of chromosome numbers. in addition to the lycaenids mentioned by wHite (1978), the papilionids have, with a few exceptions, n  30 (emmel et al. 1995) . nymphalidae have clearly the lepidopteran modal n  29-31 as the ancestral condition (Brown et al. 2007b ). Different neotropical groups show an evolution away from this modal number: Morphini have a strong modal n  28-29, while the neotropical Satyrinae (sensu lato) show only a weak modal of n  29 (Brown et al. 2007a) . the primitive heliconiini have n  31, but the derived and large genus Heliconius is stabilized at n  21 (Brown et al. 1992 ). Finally ithomiini show extensive variation with a clear modal number at n  14-15 (Brown et al. 2004) . stekolnikoV et al. (2000) have also reviewed nymphalid chromosome numbers worldwide.
we give here the chromosome numbers for 173 South american riodinid species and subspecies and try to evaluate whether evolutionary patterns can be discerned. in particular, we wish to find out whether there is a modal number and if not, which factors drive the diversity. as a reference we use the results obtained for nymphalids (Brown et al. 1992 (Brown et al. , 2004 (Brown et al. , 2007a (Brown et al. , 2007b and lycaenids, extensively covered in the literature (roBinson 1971; wHite 1978) . the overall aim is to cast light on the relationships and evolution in a cytogenetically little studied butterfly family.
Material anD MethoDS
Keith Brown collected the butterflies in different parts of South america during the 1970s and 1980s. the (often generalized) collection localities are given in the tables in the results section.
we prepared the gonads of the butterflies as described in detail by Brown et al. (1992) and stored them for variable lengths of time until subjected to sectioning, staining and microscopy (as described by suomalainen and Brown (1984) ).
Barbara von Schoultz did the practical laboratory work in helsinki in the 1980s up to the year 1994. the late Dr. esko Suomalainen of the Department of Genetics of the university of helsinki, Finland, checked the chromosome number counts.
Since about 40% of the material studied can not at present reliably be assigned to species, we give the voucher number for each specimen here. the exact collecting localities, dates and voucher specimens are stored at the Museu de história natural of the universidade estadual de campinas, SP, Brazil, while the original laboratory notebooks and chromosome slides of the material studied in Finland are at the Finnish Museum of natural history, university of helsinki, Finland. we have also included earlier chromosome counts reported by maeki and remington (1960), De lesse (1967 De lesse ( , 1970 , De lesse and Brown (1971) an inspection of the tables shows that there is extensive variation in chromosome numbers between (and possibly within) species. the lowest is n  9 (Calephelis aymaran) and the highest n  about 110 (Mesosemia sp.). the sample sizes are in general small. however, when several samples from different populations are available, there often is no variation within the taxon. Some species and populations showed widely different chromosome numbers, suggesting the possibility of cryptic species not recognized or polymorphism. For example, Emesis mandana and Necyria bellona show variation within a single population and Melanis aegates albugo shows variation among populations. Some individuals have different numbers like n  28-29. Such a phenomenon is most likely attributable to variation within an individual.
in addition to the pattern of variation in which populations belonging either to the same or related species differ by a few chromosomes there is evidence for a different stepwise pattern in which either populations of a species or species that belong to the same genus have chromosome numbers that represent about even multiples of each other. among the riodinids Calydna thersander has both n  33 and n  64; the genus Calephelis has species with numbers ranging from n  9 and n  10 to n  23 to 45. other such cases include Eurybia nicaeus with n  29 and E. nicaeus paula with n  14.
there are a few genera with what appears to be a stable chromosome number, for example, almost all Nymphidium have n  31. the 'primitive' subfamily euselasiinae and the tribe eurybiini have the numbers close to n  28-29 most common, but some species may have a number about half of that. the other tribes have highly variable chromosome numbers. the tribe riodinini shows three pairs of common numbers: n  15-16, 20-21 and 27-28 with relatively few counts in between. the range of overall variation in riodinidae is in general between n  14 and n  31. we also give the chromosome numbers for 17 neotropical lycaenids (theclinae and Polyommatinae) for comparison in table 3. the names of species follow the checklist of roBBins and lamas (2004). among the theclines, Eumaeus minyas has both n  24 and n  ca 45. with three exceptions the neotropical lycaenidae have n  24, characteristic for this family elsewhere. (wHite 1978) . the riodinids do not appear to have a distinct modal number. Very few (six at most in this study) have the n  23 or 24 that characterize the lycaenids (Fig. 1) . the most common numbers among riodinids are n  27, 29 and 31. the latter two belong to the modal n  29-31 of butterflies (wHite 1978; Brown et al. 2007a Brown et al. , 2007b . the distribution of these numbers is, however, uneven and it is difficult to discern a pattern at all. nevertheless, the most primitive euselasiinae have n  28-29, while the highly advanced genus Nymphidium is nearly stabilized at n  31. maeki and ae (1968a, 1968b) give chromosome numbers for three representatives of the small old world subfamily hamerarinae (nemeobiinae): Abisara burnii etymander (from taiwan) has n  30, Abisara echerius echerius (from hong Kong) n  31, Zemeros flegyas flegyas (from hong Kong) n  31.
the over-all distribution of riodinid chromosome numbers with no modal one is unique among the lepidoptera. the nymphalids are the sister group of the evidently monophyletic lycaenidae and riodinidae (CampBell et al. 2000) . the satyroids have a weak modal n  29 with many numbers lower than that and rather few higher than the modal numbers (Brown et al. 2007a ) but even they include many groups with stable chromosome numbers. ithomiinae, another variable nymphalid subfamily, seem to have originated from a lineage that already has had the nymphaline modal, n  31 (Brown et al. 2007b ) divided by two through what appears to have been pairwise fusions of all chro mosomes, with about n  14 as a predominant number.
if the ithomiinae have had their chromosome number halved, then such a process runs riot among the riodinids. they, and Eumaeus among the theclines, show clear evidence for near-even multiples of a chromosome number, either up or down or both within a species or within a genus. So, in addition to the examples mentioned in the results section, Melanis smithiae has n  16 and n  31, Emesis mandana n  11, 21 and 27. this implies that once one chromosome is either divided into two or fuses with another to form a larger chromosome, then the other follow suit until again a set of chromosomes of about equal size is again attained. Such a concerted evolution of lepidopteran chromosomes was described by Beliajeff (1930) and discussed e.g. by lorkoViĆć (1990).
our riodinid sample sizes are limited, so that it is difficult to say much about the nature of the variation within a species. Several samples from a locality or samples from several localities may have either the same or quite different chromosome numbers. (Brown 1993a (Brown , 1993b DeVries 1997) stress that there are undescribed species in each major genus and that the genera are in need of revision. we have included in our lists several undescribed species and feel that much of the variation within what we think is a species at a locality may, in fact, be explained through sibling species, each with a different chromosome number. De lesse (1967) who had studied the relationship of chromosome change and speciation of lycaenids in detail (wHite 1978; wiemers 2003) argued that whenever one sees sympatric populations of what seems to be a single species with different chromosome numbers, one must suspect a pair of sibling species with probably, in part, overlapping distributions. on the other hand, species having the same chromosome number may lack an obstacle for interbreeding. gompert et al. (2006) and maVárez et al. (2006) have not only shown that hybrid speciation is not only possible but that it has contributed to lepidopteran speciation. it may be argued to be a factor that has stabilized chromosome numbers in two groups with exceptionally stable chromosome numbers: lycaenids and the genus Heliconius. Such phenomena are, however, evidently rare. maeki and ae (summarized in ae 1995) have shown that between species crosses involving papilionids with n  30 show gross chromosome pairing disturbances at meiosis. Ecology a coevolutionary process is thought to accelerate the rate of evolution. the riodinids show several kinds of coevolution. they have a potential arms race with their host plants; the larvae of eurybiini, lemoniadina and nymphidiina associate with ants; the representatives of some 16 genera participate in mimicry rings of heliconians, ithomiines, arctiids, dioptids and other lepidopterans (Brown 1993a) . in addition to nectar, adults feed on damp sand and mud ('puddling') and carrion (Hall and willmott 2000) . Most riodinid subfamilies and tribes have diverse host plants representing a wide range of both monocots and dicots; in addition the adults often geographically well differentiated (Brown 1993a (Brown , 1993b , a circumstance that has made them very useful in biogeographic studies (Hall and HarVey 2002b) . riodinid diversity is highest in the amazon basin, where they make up about 20% of the local butterfly fauna, and decreases rather evenly from there to all directions and up the mountains. according to Hall and HarVey (2002b) the genus Detritivora contains a group of species with exceptionally fragmented ranges, so that the D. (Charis) cleonus group is made up of nineteen parapatrically distributed species across amazonia. in addition, the genus Ithomiola shows a clear-cut pattern of vertical speciation on mountains, so that there is a series of species with parapatric ranges across an elevational gradient. the younger species are montane and the older ones are found in the lowlands (Hall 2005) . riodinid populations are usually confined to a very narrow microhabitat and the population sizes may fluctuate widely. Some are even nocturnal (Brown 1993a) .
CallagHan ( 1978) seems to be the only author thus far who has studied the population biology of riodinids (Menandner felsina). the riodinids exhibit perching behavior as an ingredient of mate choice (CallagHan 1983) . related sympatric species perch at different sites and at different times of the day. this gives rise exhibit a variety of food choices and feeding patterns. the extremes are perhaps the Mesosemiini, the known larvae of which all feed on rubiaceae, and the riodiniini, that have host plants belonging to at least 15 different families (DeVries 1997). host plant specialization can certainly drive lepidopteran speciation (janz et al. 2006) .
Population structure the population structure of lycaenids has received a fair share of attention, since these small butterflies are subject to a major international conservation effort (new 1993). they are easily the most ecologically diversified group of butterflies, ranging from high arctic to deep tropics. the neotropical blues are widespread and relatively undifferentiated. Many exhibit mass, longrange community dispersal during the dry season like the coliadinae and hesperiidae, ranging over the entire region (roBBins and small 1981; Brown 1993a). in fact, both coliadines and hesperiids have a single distinctive modal number, n  31 (roBinson 1971), like the lycaenids with n  24. in contrast to blues, which are widespread and have reached even the most isolated oceanic islands like hawaii, the metalmarks are extremely local. they are to tight niche packing. in addition they use displays and pheromones to discriminate among potential mates. CallagHan (1983) concludes that the set of behaviors and pheromones together have considerable taxonomic value. new (1993, pp. 7-8) points out that perching species tend to have low population densities. taken together, riodinid populations are small, local and vary in size. these butterflies exhibit behaviour patterns that allow for exact recognition of mates. about 25% of riodinid species have androconial organs, which are highly diverse (Hall and HarVey 2002c) . the overall result is a population structure that can be thought to be amenable for chromosome number change, to optimize specific mate recognition and fertilization.
a new chromosome rearrangement resulting in chromosome number change is very unlikely to become fixed in a large, outbreeding population but rather in a small, marginal and isolated one (wHite 1978, faria and naVarro 2010) . an effective population size that allows for a change is just a few individuals for at least two generations. under such circumstances the novel karyotype could become fixed in individuals homozygous for it through inbreeding. alternatively, the situation may persist in the form of a balanced polymorphism. in either case the new karyotype will start to spread. Prezygotic isolation will be built up in addition to the postzygotic one conferred by the novel karyotype, and a new species is born. chromosomal change need not be the factor that drives speciation (CogHlan et al. 2005) . reproductive isolation can be attained through a variety of mechanisms. chromosomal change will, if anything, intensify the isolation (kanDul et al. 2007) .
Carson (2003) has proposed that mate choice (or non-random mating) will lead to reduced effective population sizes, inbreeding and low gene flow. riodinids seem to have the potential to exercise mate choice. this, together with their population attributes summarized above, can lead to situations where chromosome changes can be established in populations without necessarily giving rise to hybrids with imbalanced chromosome numbers and concomitant decrease of fitness. we have proposed (Brown et al. 2007a ) that chromosome numbers seem to fluctuate in small natural populations of certain scarce or local butterflies.
now riodinids with their small parapatric ranges and apparently short-lived taxa (but see Hall et al. 2004) represent an ideal example to study the parapatric mode of chromosomal speciation proposed by wHite (1978). (2007) have shown how the tools of molecular evolution can be tied to study the relationships of chromosome number and speciation in lycaenids. we hope that our study will encourage students of systematics and evolution to take up research on the beautiful and fascinating riodinids of the neotropics.
